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ABSTRACT 
Meditation has clear effects in bringing practitioners’ mind into a tranquil state and promoting both the mental and the 
physical health. The effect of meditation is measurable. We propose to establish a model for meditation state by applying 
modern experimental sciences to brain wave data. We start with a project that aims to create an application that takes 
electroencephalographic (EEG) data and exposes it to various analytical techniques so the resultant brain states can be studied 
and predicted. We present explanations of the design and implementation offered herein. Furthermore, a summary of the 
application’s functionality is elucidated.  Upon completion, we anticipate that this software can be used to produce important 
and dependable conclusions about a given subject’s brain states and correlate that to an identified physical or psychological 
activity.  Although our project is still in an early stage towards a model for meditation, through these studies, we believe we 
will be able to make meditation a beneficial practice to promote human’s life in modern society. 
Keywords 
Meditation, brain wave analysis, electroencephalography, brain state modeling. 
INTRODUCTION AND BACKGROUND 
Chan (Zen), originated as a methodology of spiritual meditation, has played an important role in the history of Eastern 
countries. In recent centuries, with the fusion of various cultures in modern society, Chan has drawn attention of various 
ethnic groups for its focus on practice and direct effect on human’s lifestyles and health conditions. Chan itself has shown its 
religion neutral nature in the modern society. Chan is clearly a philosophy that impacts human’s view about the essence of 
science and relates scientific study to the contemplation of its performer --- human. In recent years, term “life science” has 
been used to denote studies related to the understanding of human’s nature and seeking ways to harmonize human’s life with 
the environments.  
 
Chan (or Ch’an ) was named “Dhyāna” in Sanskrit, the ancient holly language of India. The Wikipedia definition of Chan is: 
Chan is a school of Mahāyāna Buddhism, Chan is itself derived from the Sanskrit Dhyāna, which means "meditation" 
(http://en.wikipedia.org/wiki/Zen). Since Chan’s goal is the attainment of awakening and enlightenment, it deemphasizes any 
rational creeds or theoretical reasoning. As the meaning of Dhyana indicates, meditation is an essential part of Chan practice. 
As a matter of fact, meditation is the primary way to achieve Chan state, although meditation itself is not the goal of Chan. 
Chan requires that the practitioners watch their thoughts at every moment, which means that meditation should be carried on 
alone the entire day. As Bodhidharma said in his famous “On Breaking Forms”, “The Dharma way of watching minds 
embraces all Dharma ways.” (Bodhidharma, Tang Dynasty) Meditation with no objects, anchors, or content, is the primary 
form of the Bodhidharma Chan. The meditator strives to be aware of the stream of thoughts, allowing them to arise and pass 
away without interference. Therefore, sitting meditation is not the essence of Chan.  
However, sitting meditation is still the most important part of Chan practice before one acquires the prajna (enlightening 
wisdom), since it is the most effective way to regulate one’s mind. The Wikipedia definition of sitting meditation is: “core 
aspect of Zen practice, during which practitioners usually assume a position such as the lotus position.” (as shown in Figure 
1) Various methods were used to regulate the mind. For example, awareness can be directed towards counting or watching 
the breath; awareness can be put in the energy center below the navel; awareness can be fixed at a picture such as the image 
of a Buddha or a scene; awareness can also be directed to muttering a Buddha’s name, either in voice or silently; etc. 
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Transcendental meditation (Transcendental meditation, 2011) gained popularity in the 
west during the 1960’s (Holzel et al, 2010).  The concurrent brain states associated 
with transcendental meditation have been viewed as something outside of the world of 
physical measurement and objective evaluation by most scientific communities. 
Scientists now have the ability to measure and register electric potential of the human 
brain through the use of electroencephalographic technologies.  
We desire to build a brain state model for meditation, and to this end, we begin with 
studying finite differences within the minds of those practicing meditation, and those 
who do not. Such an endeavor is an avenue toward modeling a wide range of brain 
states (Lin, 2010), as the preliminary study for modeling meditation state. The 
combination of electroencephalographic data with modeling methods in fields such as 
data mining and bioinformatics could be used to prove that subjects in a state of 
transcendental meditation are in a verifiable and observable state of mind that can be 
monitored and predicted (Davidson et al, 2003). The merger of these fields of study 
prove constructive in biometric authentication, creating better user interfaces for 
computers, and in the development of improved computer assisted learning systems. 
In the following sections, we will firstly review the existing work in modeling meditation, and then present the project we are 
currently working on. We conclude the paper thereafter. 
EXISTING WORK 
Probably the most straightforward way to measure meditation is to apply medical technologies to measure the effects of 
meditation. Such kind of research is suited into the context of medicine research. Generally, two types of research models can 
be used: statistics models and micro models. 
 
Statistics models are built by applying statistical analysis to collected data from meditation practitioners. Data analysis is 
done either in the progress of the practice, e.g., comparing the indexes at different points of time during the process; or 
between different groups, e.g., comparing a group of meditators to a control group. 
Current literatures show that both methods are used in the study of complementary and alternative medicine, which includes 
meditation as one of the methods. In (Loizzo et al, 2010), a 20-week contemplative self-healing program was studies. 
Biologic data were analyzed at the beginning and the end of the program. Research results showed that a contemplative self-
healing program can be effective in significantly reducing distress and disability among the testers. In (Habermann et al, 
2009), a long-term (5-20 years) project was carried out to investigate the use of complementary and alternative medicine and 
its effects onto the testers’ health. 
Comparisons across different groups of people are also found. For example, in a 6-week mindfulness-based stress reduction 
program, subjects assigned to the program demonstrated significant improvements in psychological status and quality of life 
compared with usual care (Lengacher et al, 2009). Another comparison is found in (Oh et al, 2008), where a group of Qigong 
practitioners were compared to a control group and positive indicators were found in the study. 
A survey of the literature on cognitive impairment and cancer presented in (Biegler, Chaoul, & Cohen, 2009) suggests that 
meditation may help to improve cancer-related cognitive dysfunction and alleviate other cancer-related sequelae. Although 
effects of meditation practice may be more notable among patients, we suggest that more investigations be done in various 
social groups, e.g., in fitness and sports groups, to fully examine the impact that Chan can bring to modern society. 
It is well understood that although statistical study can provide evidence for the effectiveness of meditation, it fails to provide 
a systematic view of human’s epistemology and psychology. This addresses the needs for micro models that depict the inter-
relationship between human’s mind and physical body. 
The initial approach in such study should be development of a software application that can organize and analyze that data. 
First, the process of loading and the analysis of the data will be explained. Then, a succinct explanation of the source and 
structure of the dataset used during the development process is offered. 
THE BRAIN WAVE ANALYSIS PROJECT 
       Fig. 1. Lotus Position 
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Data Collection and Visualization 
The output generated by the headset device shown in Figure 2 is a Comma Separated Value 
(CSV) file, and our program is written to be able to read in the file without doing any 
preprocessing. The program first extrapolates from the data all information relevant to the 
14 nodes, which are represented in the file by columns. Information that is gathered by the 
nodes is separated into packets, where each packet has 129 values. This allows for a 
consistent approach to parsing that can be applied to any file that is read from the peripheral 
without the need to be concerned with the file size or data length. Once this parsing of  
information is loaded into the program, the values for each node is then passed to an object 
that then actually graphs this information onto the panels to visualize the data. This is done 
by passing the respective node array to each object that represents a node. Figure 3 
demonstrates a single graph that represents an entire packet for that node. The user is then 
able to traverse, via the menu bar, to whichever node they want to visualize next. Moreover, 
the user is also able to negotiate through packets which the program loads and repaints onto 
the panel, thus allowing for comparison between packets of nodes. Only after the data has 
been loaded, one can do some limited analysis on the data set as such as the fast Fourier 
transform (FFT) and Linear Regression.  
 
When the program is run, an EEG file in CSV format must first be parsed before anything 
can be visualized.  Upon opening a valid file, the first node visualized is always packet 1 of node AF3.  From there, the user 
has the choice of enabling MultiView, changing analysis options in the toolbar, selecting a next or previous packet, or 
changing the node.  We can traverse the next or previous node by physical location (starting at AF3 and moving 
counterclockwise around the brain) or by simple selecting any desired node.  Once a node is selected, we run a quick check to 
see if the user has enabled linear regression or fast Fourier 
transform.  All choices are then applied to the data set and 
the current packet of the current node is drawn.  If 
MultiView is selected, a chart, such as in Figure 8, will be 
visualized showing each nodes brainwaves with respect to 
every other one.  Before being drawn, it will perform the 
same checks for linear regression and FFT as picking any 
desired node would.  From the Analysis menu, linear 
regression and FFT can be enabled or disabled by simply 
clicking on them.  When clicked on, the state is toggled.  
Next and previous packets can be traversed, with a simple 
check to disallow moving forwards or backwards if we are 
at the first or last packet, respectively.  
Data Analysis and Results 
The data set analyzed comes from a study in which a 
candidate performed the tasks in the chart in Table 1.   The 
individual alternated between idle activity, reading news 
headlines, and participating in a mathematics exam limited 
to basic algebra every 60 seconds for 20 minutes.  
 
 
Fig. 3.    Example of visualization rendered  
from test data on one node. 
 
Fig. 2.  Example EEG 
peripheral device. 
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Recording this data resulted in 123001 values for all 20 minutes.  With 129 
values per packet we have approximately 953 packets per node.  We can assume 
that this leaves approximately 47 packets per node per minute.    
Upon running the software, we are presented a graph of the current packet of the 
current node. When we apply linear regression to the generated scatter-plot, the 
positive or negative slope correlates to an increase or decrease in brain activity 
for the entire packet of said node.  
In the first packet of our data set, we notice correlations between two sets of four 
nodes({AF3 F3 FC5 F7} and {AF4 F8 FC6 F4} respectively).   By cross 
examining node position from Figure 4 with the first packet of each node in 
Figure 5, we can observe similar scatter-plots that are geometrically symmetric 
when referencing nodes regarding both left and right hemispheres of the frontal 
lobe.  This tells us that {AF3 F3 FC5 F7} and {AF4 F8 FC6 F4} are sections of 
the brain that work together when the user is in an idle brain state.  We can use 
our MultiView functionality to observe where each node is active with respect to 
each other, as seen in Figure 6.  Our efforts are currently invested into 
recognizing repeatable patterns throughout the packets.  We believe that it may 
be possible to determine sets of packets that belong to each of the idle, news 
headline, and mathematics test states if they have repeatable characteristics. 
Table 1. The data we are parsing comes from this case study.   
Activity Start End Comment 
Idle 0:00 1:00 Trial candidate does nothing 
News Headline 1:00 2:00 http://www.slashdot.org 
Idle 2:00 3:00 Trial candidate does nothing 
Math Test 3:00 4:00 http://www.freemathtest.com/Pre-Algebra/FindTheAverage/ 
Idle 4:00 5:00 Trial candidate does nothing 
News Headline 5:00 6:00 http://www.slashdot.org 
Idle 6:00 7:00 Trial candidate does nothing 
Math Test 7:00 8:00 http://www.freemathtest.com/Pre-Algebra/FindTheAverage/ 
Idle 8:00 9:00 Trial candidate does nothing 
News Headline 9:00 10:00 http://www.slashdot.org 
Idle 10:00 11:00 Trial candidate does nothing 
Math Test 11:00 12:00 http://www.freemathtest.com/Pre-Algebra/FindTheAverage/ 
Idle 12:00 13:00 Trial candidate does nothing 
News Headline 13:00 14:00 http://www.slashdot.org 
Idle 14:00 15:00 Trial candidate does nothing 
Math Test 15:00 16:00 http://www.freemathtest.com/Pre-Algebra/FindTheAverage/ 
Idle 16:00 17:00 Trial candidate does nothing 
News Headline 17:00 18:00 http://www.slashdot.org 
Idle 18:00 19:00 Trial candidate does nothing 
Math Test 19:00 20:00 http://www.freemathtest.com/Pre-Algebra/FindTheAverage/ 
 
 
Fig. 4. Nodes AF3 through AF4  
(read counterclockwise)  
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CONCLUSION 
Meditation is the primary way of Chan and there are clearly expounded methods for meditation. With the advancement of 
modern experimental technologies, the effect of Chan is measurable and meditations have been studied in clinics. We 
propose a systematic science on meditation by establishing a brain state model for meditation. As a starting point of this 
pursuit, we have created visualization software that can parse and visualize EEG data, with the hopes of being able to find 
correlations between brain states both numerically and by observations of graph behavior.  We calculate and draw linear 
regression against the data sets to see if, over a certain amount of time, total brain activity increases or decreases. 
 Furthermore, a fast Fourier transform can be applied to the EEG data sets in an attempt to correct signal noise, caused by the 
incorrect placement of electrodes to the scalp of the subject, or by interference from hair or lesions in the electrodes 
attachment area. Some devotees to the practices of transcendental meditation have shown the ability to control these brain 
states.  The analysis of these states could be the first step in a process to first predict and later allow individuals to control 
these states. 
 
 
 
Fig. 5. Packet 1 of Nodes AF3, F7, F3, FC5, F4, FC6, F8, and AF4 
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